The retinal vessel calibre responses to systemic sympathetic stimulation, were studied in 22 ran domly selected diabetic patients (mean age ± SEM: 54.7 ± 2.59 years, range 25-73; 13 IDDM, 9 NIDDM; 4 females), using sustained isometric muscle contraction as the stimulus. At a diffe rent session the integrity of the autonomic nerve function in these diabetic patients was assessed using 3 standard tests of autonomic nerve function, based on cardiovascular reflexes. Diabetic patients with an intact autonomic nervous system: Group 1, (n=l1, mean age: 54.9 ± 4.55 years, 7 IDDM 4 NIDDM) showed a mean arteriolar constriction of 9.2% (SEM 2.89, p<O.Ol) and a mean venule constriction of 5.1 % (SEM 1. 73, p<0.02), for a mean rise in diastolic blood pressure of 23.7 mmHg (SEM 2.19 range: 13-33). There were no significant mean retinal vessel responses however, in diabetics with autonomic dysfunction (Group 2): mean arteriolar con striction of 1.2% (SEM 1.38 p>0.05) and venule constriction of 2.1 % (SEM 1.38, p>0.05); for a mean rise in diastolic blood pressure of 19.8 mmHg (SEM 4.49, range: 2-50). There was no correlation between the rise in diastolic blood pressure and the retinal arteriolar constriction in the 2 groups (Group 1: r=0.45, p>O.l and Group 2: r=0.56, p>0.05). Duration, type and con trol of diabetes were not significantly different between the 2 groups. The severity of retinopathy was slightly worse in Group 2 compared to Group 1. These results point to an association between autonomic neuropathy and failure of regulation of retinal blood flow.
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Autoregulation of the microcirculation is a well recognised phenomenon! and has been demonstrated in the retinal circulati�n. 2 Neurogenic, myogenic and humoral factors may be involved in the homeostatic mainte nance of the retinal blood flow during changes in perfusion pressure, however, the definitive mechanism has not been estab lished. Recently, a significant association has been demonstrated between retinal vessel calibre and systemic autonomic nerve stimu lation, with consistent responses of the reti nal vasculature to generalised sympathetic nerve stimulation.3 These results are particulady relevant to patients with diabetes, as diabetes mellitus is the commonest cause of autonomic neuropathy in the United King dom;4 20-40% of diabetics have evidence of autonomic nerve dysfunction on initial pre sentation. 5•6 Several studies have shown a sig nificant association between autonomic nerve dysfunction and retinopathy in patients with diabetes mellitus.7-9 Cardiovascular autonomic neuropathy has been demonstrated in 75% of diabetic patients with proliferative retinopathy7 and ocular autonomic neuropathy (involving the anterior segment of the eye) in 57% of this group. 8 The aim of this study was to assess the responses of the retinal circulation on sys temic autonomic stimulation in patients with diabetes mellitus, using sustained hand grip as a test of sympathetic nerve function. III The cardiovascular responses to sustained hand grip are reflex in nature II and are thought to be initiated by stimuli from the exercising muscle.13 There is a rise in blood pressure, mediated partly by a heart rate dependent increase in cardiac outputl4 and partly by peripheral vasoconstriction mediated via alpha adrenergic receptors of the peripheral autonomic nervous system.
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Patients and Methods
Twenty-two diabetic patients, (mean ± stan dard error of the mean (SEM) age: 54.7 ± 2.59 years; range: 25-73 years; 4 females) were included in the study following informed consent: 13 Insulin dependent diabetics (10 D M) (mean age 51. 7 ± 3.97 years) and 9 non insulin dependent diabetics (NIODM) (mean age 59.1 ± 2.23 years). These patients were subdivided into two equal groups based on the results of autonomic function assessment as defined by Ewing et aI., 1986 (Table I) .15 Group 1 con sisted of 11 patients with no evidence of autonomic nerve dysfunction (mean age 54.9 ± 4.55 years): 7 IODM (mean age 51.0 ± 6.66 years) and 4 NIODM (mean age 61 .8 ± 3.12 years); Group 2 comprised 11 patients with autonomic dysfunction (mean age 54.5 ± 2.77 years), 6 IODM (mean age 52.5 ± 4.48 years) and 5 NIDDM (mean age 57.0 ± 3.08 years ing was taken just before release of the handgrip. The rise in diastolic blood pressure to sustained handgrip was taken as the difference between the diastolic blood pressure after 2.5 minutes of sustained contraction and the mean baseline diastolic blood pressure.
Retinal Circulation Responses to Systemic Autonomic Stimulation
Each patient was studied seated at the fundus camera: one pupil was dilated (whichever was preferred by the subject) with g. tropicamide 1 % and g. phenylephrine 10%. All photographs were taken by the same observer using a wide angle Canon camera (CF 60-S) , which was triggered during the diastolic phase of the pulse cycle. Five photo graphs were taken in quick succession, at approximately one second intervals at each phase. Baseline photographs were taken, fol lowed by three baseline blood pressure mea surements recorded from the non-exercising arm using an automatic sphygmomanometer (COPAL -UA 231). The subject was then instructed to perform three maximum hand grip contractions using the dominant arm to establish their maximum voluntary contrac tion (MYC). A laboratory-built strain gauge dynamometer with continuous chart record ing was used with an adjustable audible alarm, set to alarm below 33% of each patient's MYC. The patient was then instructed to perform a sustained handgrip at 33% MYC for 2-2.5 minutes; three blood pressure measurements were recorded at 0.5, 1.5 and 2.5 minutes and three phases of fun dus photographs were taken at 1, 2 and 2.5 minutes. On recovery one final phase of fun dus photographs and one blood pressure reading were taken at five minutes after release of handgrip contraction. All photo graphs were recorded on Ilford FP4 film, with a red free filter and developed in PQ Universal (1 + 19) for 12 minutes at 20°C with sensitometric control.
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All films were analysed using the Quan timet 800 Image analyser (Cambridge Instru ments). This technique has been established in the department (R.C.S).16 Ten to eighteen suitable vessel sites were selected in each subject comprising similar numbers of arterioles and venules nominally within the calibre range: 64-174 !tm, calculated on the basis of the Gullstrand Schematic Eye. A typical fundus photograph illustrating sites of measurement is shown in Figure 1 . Vessel calibres at these sites were measured and the means, standard error of the means (SEM) and one way analysis of variance (ANOY) for each site, within replications and between the phases, were calculated. Percentage change in mean retinal vessel calibre between phase 1 (pre-test) and phase 4 (following 2.5 minutes of hand grip) for each subject was calculated; significance was assessed by the student t test for paired data (2 tailed).
Least significant differences between phase means, at those sites where a signific ant ANOY was demonstrated, were calcu lated by applying the '1' distribution to the within phase replication variance. 1 6
Results:
The results of autonomic function assessment and retinal vessel respo p ses to systemic autonomic stimulation for each individual patient in Groups 1 and 2 are shown in Tables II and III In response to sustained handgrip, arteriolar calibre (mean ± SEM) decreased by 9.2 ± 2.89%, p<O.01 and venule calibre decreased by 5.1 ± l.73%, p<0.02; diastolic blood pressure increased by 23.7 ± 2.19 mmHg (range: 13-33 mmHg). Mean variations in retinal vessel calibre and diastolic blood pres sure for each subject in Group 1 are shown in Figure 2 .
No significant correlation was present be tween the elevation of diastolic blood pres sure and retinal vessel constriction (Table  III, In response to sustained handgrip, arteriolar calibre decreased by l.2 ± l.38% and venule calibre decreased by 2.1 ± 1.38%, neither change being significant at the 5% level. Diastolic blood pressure increased by 19.8 ± Fig. 1 . Typical fundus photograph with selected sites of measurement. No significant correlation was present bet ween the elevation in diastolic blood pressure and retinal vessel constriction (Table II, r=0.56; 0.1>p>0.05).
Mean arteriolar calibre changes in response to sustained hand grip were signific antly lower in diabetics with autonomic dys function than in those with intact autonomic nerve function (t test difference of means, 0.05>p>0.02). There was no significant dif ference in venule calibre changes between the 2 Groups (p>O.l). 
iii. Individual results:
Background variance is an inevitable feature of a multistage measurement process as used in this study to assess retinal vessel calibre changes: this varies from site to site depend ing largely upon the clarity of the image; the use of replication photographs permits an evaluation of the variance. In all, 90 arterial sites in Group 1 and 88 in Group 2 were mea sured and the spread of the within replication variances taken from the individual site analyses of variances examined. One subject No.4, Group 2 (mean calibre change: arterial -4%, venous -4%) had markedly less con sistent measurements over all 10 sites, due to photographic difficulties and was excluded from this calculation. Of the remaining 21 subjects the individual site within replication variances, transposed in terms of percent calibre change, gave a cumulative frequency distribution of the least significant differ ences (LSD) between the phase means, at the 95% level, shown in Table IV . The cumulative frequency distributions for the two groups of diabetic subjects (with exclu sion of subject 4, Group 2) were very similar. These results indicated the need in this study for relatively large calibre changes in order to attain significant individual differ ences, however significant calibre constric tions occurred between phase 1 (control) and phase 4 (last photographs during handgrip) in 25 of the 90 sites in Group 1, but only 8 of the 88 sites in Group 2, thus confirming the impression of reduced arteriolar response in Group 2 which is conveyed by the subject mean arteriolar calibre changes (Tables II,  III). iv. Handgrip performance. The subject maximum handgrip tests showed a similar strength of grip in both groups (Group 1, mean 45.2, standard deviation (SO) ±12.8; Group 2, mean 57.0, SD±15.1, arbitrary units, strain, gauge recording). The time weighted mean grip force during the test was well maintained in both groups, being +11.5%, SD±7.2 and +10.7%, SF±12.6 in groups 1 and 2 respectively, above the target level (33% MVC). In no instance did the time weighted mean fall significantly below the target level, the lowest level being -1 %. Table V . The numbers are too small for statistical testing but the trend suggests a greater severity in Group 2.
vi. Glycosylated haemoglobin There were no significant differences in glycosylated haemoglobin (mean ± SEM) between patients in Group 1 (8.0 ± 0.76%) and Group 2 (9.3 ± 0.55%).
Discussion
The retinal vessels have an intrinsic ability to dilate or constrict in order to maintain con stant blood flow to the retina. Sustained handgrip causes a significant elevation in diastolic blood pressure (a response mediated by the sympathetic nervous sys tern), implying a concomitant increase in reti nal perfusion. Retinal vessel constriction occurs in normal subjects in response to the systemic sympathetic stimulation precipi tated by this stimulus.3 Retinal vascular responses to autonomic stimulation in diabe tics with intact autonomic function (within the limits of sensitivity of these tests) were similar to those of a group of 11 normal sub jects of similar age (unpublished observa tions; mean age 53.9 ± 2.55 years; range: 42-65), showing an arteriolar constriction of There was no correlation between eleva tion of diastolic blood pressure and the degree of retinal vessel constriction in either group or in our unpublished study of normal subjects of similar age range (quoted above), who sustained a mean diastolic blood pres sure rise of 21.3 ± 1.70 mmHg, not signific antly different from groups 1 and 2. In Group 2 diabetics with autonomic dysfunction, there is a dissociation of effects with virtual loss of the retinal vessel response, but a similar mean diastolic blood pressure rise to that in Group 1; though the variance of Group 2 is significantly greater (F ratio 4.16, O.025>p>O.01) indicating a greater spread of blood pressure responses. These two factors, lack of correlation between blood pressure and vessel constriction and dissociation of effects in autonomic neuropathy are evidence for independent responses of blood pressure and retinal vessels to a generalised sympathe tic stimulus. The relationship of diastolic blood pressure and retinal arteriolar calibre response is seen graphically in Figure 4 .
An association has already been estab lished between proliferative retinopathy and autonomic nerve function in diabetes.7-9 The present study includes only 3 patients with proliferative retinopathy, too small a group for valid comment upon this association; although it is interesting to note (Table V) patients, 6 of the 11 subjects with intact autonomic function (Group 1) had no evi dence of retinopathy, compared to only 2 of the 11 subjects with autonomic dysfunction (Group 2); furthermore severe background retinopathy was present in only 2 subjects of the first group as compared to seven of the second, which supports the general associa tion between autonomic neuropathy and diabetic retinopathy. Autonomic neuropathy may interfere with autoregulatory mechanisms . 1 8 . 1 9 Several studies have demonstrated abnormalities in the retinal circulation in diabetic pa tients.2()"'25 Rhie et apl. showed that retinal vascular reactivity to norepinephrine and an giotensin II in diabetics with retinopathy was abnormal compared to control subjects and diabetics without retinopathy, and Sinclair et al. 26 concluded that retinal vascular au toregulation decreases as diabetic retinopathy increases, with complete loss of au toregulation in patients with proliferative re tinopathy.
Duration, type and control of diabetes were not significantly different between the two groups in the present study and therefore the results cannot be explained as a direct manifestation of diabetic severity. The only significant difference between these other wise equivalent groups of diabetic patients was the integrity of the autonomic nerve function.
This study establishes, that in response to sustained isometric muscle contraction, there is a dissociated loss of retinal vascular reac tivity, which occurs in association with clini cal evidence of autonomic neuropathy. The retinal vascular response is not linked to the rise in diastolic blood pressure which occurs during the isometric muscle contraction and its mechanism requires further investigation.
